Phosphorothioate analogues of 5-phosphoribosyl 1-diphosphate: 31P nuclear magnetic resonance study.
31P nuclear magnetic resonance (NMR) has been used to study the 1-phosphorothioate analogues of 5-phosphoribosyl 1-diphosphate (P-Rib-PP). Comparison of the proton-decoupled spectra of 5-phosphoribosyl 1-O-(2-thiodiphosphate) (P-Rib-PP beta S) and the SP diastereomer of 5-phosphoribosyl 1-O-(1-thiodiphosphate) (P-Rib-PP alpha S) with the parent molecule revealed a characteristic large downfield chemical shift change for the resonance signal associated with the thiophosphate group (delta delta approximately 40-50 ppm) and an increase in the magnitude of the phosphate-thiophosphate spin-spin coupling constant (delta J alpha beta approximately 10 Hz). Both these changes are consistent with the observed effects of sulfur substitution on the behavior of the adenosine nucleotides, particularly ADP [Jaffe, E. K., & Cohn, M. (1978) Biochemistry 17, 652-657]. High-field 31P NMR has also been used to demonstrate the diastereomeric purity of P-Rib-PP alpha S (Sp diastereomer) and the greater lability of this analogue when compared with both P-Rib-PP beta S and P-Rib-PP. Sulfur substitution was found to cause a large decrease in the apparent pKa associated with the thiophosphate moiety of P-Rib-PP beta S (delta pKa approximately 1.4 units) and also to enhance the sensitivity of the thiophosphate chemical shift to protonation and, in particular, to Mg2+ binding, compared with P-Rib-PP. The potential application of the phosphorothioate analogues as probes of the reactions catalyzed by the phosphoribosyltransferase enzymes is discussed.